Dental anxiety can usually be managed by pharmacological interventions, non-pharmacological interventions, or both. 12, 13 Pharmacological interventions contain benzodiazepines, nitrous oxide(nitrous oxide usually are matched with oral drugs), general anesthesia, and other agents (chloral hydrate and hydroxyzine). 14 Non-pharmacological interventions include virtual reality, audiovisual distraction, musical distraction, reinforcement, stop-signaling, "tellshow-do", hands over mouth, modeling, and so on. 3, 12, 14 Although pharmacological management is a commonly used method for patients with dental anxiety, disadvantages include nausea, vomiting, respiratory depression, decreased heart rate and blood pressure, and sometimes refusal to take their medications. 15, 16 Nevertheless, non-pharmacological interventions can overcome these weaknesses and produce a positive effect on reducing dental anxiety in children undergoing dental treatment, posing as effective as pharmacological treatments, and may gain more acceptance from parents, patients, and practitioners. Hence, non-pharmacological interventions can be used to decrease dental anxiety in children. 14, 17 Distraction is a non-pharmacological intervention technique, which can divert a patient's attention away from noxious or unpleasant stimuli, and is applied in clinical practice to reduce pain, anxiety, and fear associated with painful medical procedures. [18] [19] [20] The ideal distractor should possess multiple sensory modalities such as visual, auditory and kinesthetic, and active emotional involvement. These various abilities can hold the full attention of a child so as to minimize dental anxiety. 21, 22 Audiovisual distraction combines visual and auditory components, which was defined as an eyeglass system composed of a headmounted display and in-ear headphones; these are placed in front of the eyes and aimed at reducing visual and auditory interference from the sound and sight of the dental operating environment. During the course of dental treatment, children are exposed to a two-or three-dimensional environment. 19, 23 This application may be superior to traditional distraction methods, as it not only is more engaging due to the occlusive headsets that project images directly in front of the user's eyes, but it also has the capability to block real-world visual and auditory stimuli. 23 Therefore,
we have performed this review to systematically evaluate the efficacy of audiovisual distraction techniques on the management of dental anxiety in children.
| MATERIALS AND METHODS

| Search strategy
We carried out an electronic search for randomized control trials on children who received audiovisual distraction treatment to manage dental anxiety during dental treatment. A comprehensive search for the eligible articles was retrieved from the following databases: PubMed, Cochrane Central Register of Controlled Trials, and Embase. All electronic searches were last updated in December 2017. Search terms were used included Medical Subject Headings (MeSH) descriptors with free text terms, such as dental anxiety, dental fear, odontophobia, dental phobias; pediatric dentistry, pedodontics, children, child, school, primary school, schoolchild; audiovisual aids, audiovisual distraction, video eyewear; and virtual reality exposure therapy. The references listed of included articles were also examined manually to find additional eligible study. The specific search strategies are presented in supporting information (Supporting information Table S1 ).
| Study selection
Records were stored in EndNote. Two reviewers (Y. L. and Z. G.) independently scanned each title and abstract of the studies to narrow down and subsequently read the full articles of those that were potentially eligible. Randomized clinical studies that compared audiovisual distraction with other methods to manage dental anxiety were chosen. Under the circumstance that uncertainties or discrepancies emerged between the two reviewers, it was settled through discussion with a third partner (X. Z.). Studies from eligible articles were read to meet the following inclusion criteria: (a) randomized clinical trial, (b) subject must be a healthy child under 18 years who had received prior dental treatment, (c) intervention with audiovisual distraction or other methods of distraction, (d) the distraction must be clearly described, (e) the rate of follow-up appointments lost must not exceed 20%. The exclusion criteria were (a) studies unrelated to the current research topical, (b) article language not written in English, (c) reviews, case reports, and conferences abstracts, (d) children with an intellectual disability, autism, and visual or hearing impairments.
| Data extraction
Two reviewers (Y. L. and Z. G.) independently extracted data using a single Excel data extraction form from the study described. The data form contained the following information: author names and year of publication, study design, number of participants, age, intervention, dental anxiety scale, content.
| Outcomes measures
The primary outcome was anxiety, pains, and behaviors associated with dental anxiety. Secondary outcomes included vital signs (including blood pressure, oxygen saturation, and pulse rate), and children satisfaction.
| Quality assessment
The methodological quality assessment of the included articles was conducted independently by two review team members (Y. L. and Z. G.) using the Cochrane Collaboration's criteria, and divergences were settled by discussion with a third researcher (X. Z.). Quality of all selected trials assessed contained seven domains of bias risk: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, completeness of outcome data, selective reporting of outcomes, and other sources of bias. Studies with seven domains of low bias risk were classified into a low risk of bias group. If one or more domains belonged to high risk of bias, these studies were classified into a high risk of bias group; otherwise, the study was classified into an unclear risk of bias group.
| Data analysis
Due to differences in the dental anxiety scale as well as the study design, thus, we according to the principle of using the data from the first period only to perform a meta-analysis by the Cochrane Collaboration Review Manager Software Version 5.3 for the same scales measured similar outcomes. 24 The heterogeneity between studies was analyzed using Cochran's chi-square (χ 2 ) test and quantified based on an I 2 .
I 2 values greater than 50% was considered indicative of high heterogeneity. Mean differences and their corresponding 95% confidence intervals (CI) were calculated. A P-value < 0.05 was considered statistically significant.
3 | RESULTS
| Study selection
Three thousand four hundred and thirty-four (3434) potentially relevant papers were identified through database a search. After 82 duplicates were removed, the titles and abstracts of the remaining 3352 articles were screened. A total of 3319 articles were excluded due to irrelevance. After reading and evaluating the remaining 33 studies, 24 were subsequently excluded for containing defective or adult subjects, being a review article, non-RCTs or lacking the full text. Finally, 9 cohort studies that met the inclusion criteria were included in this systematic review. All cohort studies included young patients who had previously undergone dental treatment. Figure 1 shows the flow chart of the study selection process. 
| Risk of bias of included studies
The nine included trials were assessed in accordance with the predefined quality assessment criteria, but all trials have low quality. Randomization was mentioned in all trials, but not allocation concealment. All studies were high risk of bias in blinding of outcome assessment aspect because of the device of control group is different from the audiovisual group. All trials did not report incomplete or selective outcome data. All trials were unclear free from other bias. The risk of bias in the included study is presented in Figure [27] [28] [29] The forest plots containing the studies were showed in Figure 4 . Attar's crossover clinical trial concluded that an iPad group had lower pain scores than AV glasses. 31 
| Behavior
Six of the nine studies detailed that there were no consistent results of audiovisual distraction effect on behavior. A majority of studies showed that audiovisual distraction had a significant difference in improving behavior or decreasing disruptive behavior than the control group. 21, [25] [26] [27] 29 On the other hand, Attar's crossover clinical trial concluded that the audiovisual glasses group resulted in higher behavior scores than that of the iPad. One of the nine papers reported that there was no significant difference between audiovisual group and control group in blood pressure results. 
| Blood oxygen saturation
Two of the nine studies evaluating the relationship between audiovisual distraction and blood oxygen saturation had conflict results. Fakhruddin et al. 28 reported that there was no statistically significant difference between either of the two groups with audiovisual distractor with or without video eyewear. Contrary to this, Agarwal et al. 30 showed that there was a statistically significant difference between audiovisual aids group and control group.
| Pulse rate
Six of the nine studies reported two different results of pulse rate. Two clinical trials indicated using audiovisual distraction during dental visits significantly reduced pulse rate as compared to the control group 27, 30 ; however, we did not observe a statistically significant difference between the audiovisual distraction group and control group [mean Fakhruddin's crossover clinical study reported a statistically significant difference in treatment group A (their first treatment session with audiovisual distractor with video eyewear) after two endodontic treatment sessions (audiovisual distractor with or without video eyewear). For group B who had their first treatment session without video eyewear observed a decrease in pulse rate between two endodontic treatment sessions, however, when compared, the difference was not statistically significant. 28 Attar's crossover clinical study showed the average pulse rate over the treatment intervals was lower using the iPad compared to wearing AV eyeglasses. 31 
| Children satisfaction
Three of the nine studies reported that a majority of children expressed their satisfaction with usage of audiovisual distraction during dental visits. Hoge et al. reported children in the video eyewear group were significantly more satisfied than those wearing sunglasses in the control group. 29 Nuvvula et al. 26 depicted 96.67% of children in the 3D video glasses group would prefer to use 3D video glasses at future dental visits. Similar consequences were also observed in study by Attar which showed that 61.5% of children preferred an iPad, 20.5% preferred AV eyeglasses, and 18% were indifferent to the methods being used. 31 
| DISCUSSION
Dental anxiety is a widespread phenomenon in the daily clinical activities of pediatric dentistry, which not only affects dental operations, but also patients and their oral health. Currently, pharmacological and non-pharmacological interventions are used to manage dental anxiety. Audiovisual distraction is a non-pharmacological intervention technique which diverts the patient's attention from harmful or unpleasant stimuli. It is superior to traditional distraction methods, as it not only is more engaging due to the occlusive headsets that can play high-quality nursery rhymes, cartoon, music, games, movies right in front of the user's eyes, but also has the capability to block out real-world stimuli. 21, 23, 28, 29 Our systematic review summarized nine RCTs, significant differences were found in anxiety, 23, 26, 28 others researches were consistent with our results though that were carried out on children with autism spectrum disorders children 32 or on adult populations 5, 33, 34 ; however, another study showed no significant difference. 35 In respect to pain, Asvanund's 36 study reported that audiovisual eyeglasses significantly reduced pain scores is consistent with our review. [27] [28] [29] But in 2016, Fakhruddin's study reported the results of pain is inconsistent between groups. 37 Regarding behavior, Isong's 32 results support our review. 21, [25] [26] [27] 29 In contrast, some studies showed that using virtual reality during dental treatment did not significantly affect behavior. 35, 38 With respect to pulse rate, Asvanund ; however, Vincent and Isong's trial found no significant difference in pulse rate. 5, 32 In the matter of children satisfaction, some studies 33, 34, 38 showed that subjects preferred using audiovisual distraction during dental treatment which supports our review. Otherwise, the length of treatment duration is related to complexity of dental treatment, when dental procedures exceeded 30 min, more children exhibited negative behaviors during and after dental treatment.
31,39
Attar's study showed a significant difference in the mean length of appointment, audiovisual glasses sessions were 28 ± 8.0 min, and iPad sessions were 24.9 ± 6.0 min, 31 but Bagattoni's results had no significant difference. 38 Although audiovisual distractors are clinically feasible, safe, and require little prior training from the clinician, there are still some drawbacks. For example, audiovisual distractor is designed originally for adults, so it did not fit for children with smaller face. 28 Secondly, cost-effectiveness should be considered as an important component of the dental anxiety management armamentarium, because audiovisual distractor used in this study are expensive. 23 These issues should be addressed in future studies. Our systematic review has several limitations that should be taken into account when interpreting the findings of the studies reviewed. Firstly, different kinds of dental anxiety scales were used, and different study designs (randomized crossover trial or randomized controlled trial) were implemented in the trials discussed. This made the extracted data difficult to merge and perform meta-analyses in our review. Secondly, some surveyed dental anxiety scales were selfreported by children, and others recorded from the perspective of the observers, which can lead to bias. Furthermore, different age groups displayed different cognitive abilities and behavioral patterns. Due to subjective factors in dental anxiety levels reported by the children and the observers, we could not draw an objective conclusion about whether audiovisual distractors have a significant influence on dental anxiety. Finally, some studies did not clearly state allocation concealment and not blinding of outcome assessment, or whether other sources of bias existed. This highlights the need for better study designs or improved quality of reports. These three points maybe a reason to explain the high heterogeneity in meta-analyses results above. Despite these limitations, none of the studies reported adverse effects of audiovisual distraction methods. We will continue to further research the effect of audiovisual distraction on managing dental anxiety and update our results accordingly. We will also call on more researchers to unify the methods of measuring dental anxiety so as to acquire more precise and quantitative results.
| CONCLUSIONS
There is some low-quality evidence suggesting that the usage of audiovisual distraction during dental treatment may relieve children's dental anxiety. Further, high-quality research is required to verify this conclusion.
WHY THIS PAPER IS IMPORTANT TO PAEDIATRIC DENTISTS
• Audiovisual distraction as a non-pharmacological intervention technique to manage dental anxiety in children during dental procedures, which may provide options for the dentist and influence clinical decision-making.
